INTRODUCTION
Cold-rolled steel sheets are polycrystalline metals and have a slightly plastic anisotropic character, which originates from the preferred orientation of the crystallites or texture. The characteristics of these sheets can be effectively controlled by this texture. For instance, steel sheets for the outer panels of automobiles and refrigerators have characteristics which prevent damage during press forming through control of this texture. This type of steel sheet has good formability. W. T. Lankford1) has proposed that the plastic strain ratio is defined as the ratio of the width (Wb, Wa) and the thickness (Tb, Ta) in characterizing the formability of cold rolled steel sheet as shown in Fig. 1 , which is called the r-value.
(1) wave (SH-wave). In each case, there are any weak points and some strong points. This paper describes the case of using the SI-L.-wave which means that the vibration occurs in the steel plane (perpendicular to the propagation direction), as shown in Fig. 2 . For practical measurements, non-contacting transducers are required and the EMATs are suitable for this purpose. When the EMATs are used for ferromagnetic materials, the magnetostriction becomes important, especially in the low magnetic field region. In the case of the magnetostrictive EMATs for the SH0-wave, the EMATs have a simple structure in comparison to Lorenz force type EMATs 
Equation (9) calculated from Eq. (7) shows that the (9) Comparing Eq. (8) and Eq. (9), we could evaluate the r-value using a low cost sensor system with 2 pairs of sensors in the case of SH0-wave: one pair means a transmitter and a receiver. We need 3 pair of sensors in the case of the S0 mode Lamb wave.
TEXTURE AND F-VALUE
The main crystal axis density in the test pieces which ranged in thickness from 0.3mm to 1.5mm was investigated by X-ray diffraction and the rvalue in the same test pieces was measured by tensile testing. The results are shown in Fig. 5 . We could confirm the following facts, 1. There is a strong positive correlation between the (1 1 1) crystal axis density and the r-value; the coefficient of correlation is 0.98. 2. There is a strong negative correlation between the (1 0 0) crystal axis density and the r-value; the coefficient of correlation is -0.95.
3. There is a strong negative correlation between the (1 1 0) crystal axis density and the r-value; the coefficient of correlation is -0.95. These results confirmed that the evaluation of texture by the SH0-wave velocity leads to the evaluation of the r-value in cold rolled steel sheets.
DEVELOPMENT OF EMAT FOR F-VALUE MEASUREMENT
Some features of the measurement principle using the SH0-wave were described. However, we have to consider some problems in the actual velocity measurement of the SH0-wave. Generally, sensors for determining F-value of cold rolled steel sheets nondestructively must satisfy the requirements;
(1) The SH0-wave must be transmitted and received without contact media for accurate measurement of the velocity (In this paper, the transit time was measured in place of velocity).
(2) A signal amplitude with a high S/N ratio at a thickness of 2mm must be obtained. However, it was very difficult to fabricate a sensor to satisfy these requirements. Because the sensor does not need a couplant, an electromagnetic acoustic transducer (EMAT) using the Lorenz force has been studied by many researchers. However, a permanent magnet having a complicated composition is required, and this leads to insufficient detectability. When the EMATs are used for ferromagnetic materials, the magnetostriction becomes important, especially in the low magnetic field region as shown in Fig. 6 . This is due to the fact that, in the case of the magnetostrictive type EMATs, the required magnetizing current for optimum transduction efficiency is much less than 1/10 in comparison to the Lorenz force type EMATs, and the EMATs have a simple structure in comparison to the Lorenz force type 5. EXPERIMENTAL PROCEDURE Figure 8 shows the block diagram of the experimental setup. Plates of JIS-SS400 low carbon steel, which were from 0.3 mm to 2.0 mm thick, 450 mm wide and 450 mm long, were prepared. For the magnetostrictive type EMAT, the pitch of the meander coil (D) was 6 mm and the width of the meander coil (W) was 25 mm for the SH0 mode plate wave. The electric resistance of the electromagnet was 10
The electromagnet consisted of a copper wire of 1 mm diameter wound 1000 times around the magnetic pole, and the magnetic poles (L) were then placed 50 mm apart. For the Lorenz force type EMAT, a permanent magnet displaced periodically whose pitch (P) was 5 mm and the height (T) was 10 mm. The sensor coil like a pancake, the long diameter was 50 mm and mm thickness. As the magnetizing current (I/H) increases, the amplitude initially increases to the maximum value (IH=1.2 A), then decreases. As IH increases, the phase initially decreases to the minimum value (IH=0.2 A) and increases by 180 degrees at IH=0.7 A. This result shows that we should use a magnetizing current of 1.2 A. We could observe the received signal with sufficient intensity and measure the transit time accurately because the phase was stable for the variation in the magnetizing current. We could not change the magnetic current because that Lorenz force type EMAT used a permanent magnet. Figure 10 shows the dependence of the signal amplitude and lift-off which means the distance from the surface of the sensor to the surface of the thin steel sheet. The plate thickness was 0.5 mm. If we consider the conditions for use of the sensor in a production line, we need performance which detects the receiving signal having a sufficient signal amplitude in the case where the lift-off is 5 mm. Lorenz force type EMAT could not observe the receiving signal in the case where the lift-off was more than 1 mm. We confirmed that this type of EMAT could not be used for this purpose because of the poorer performance. A magnetostrictive type EMAT could observe the receiving signal in the case where the liftoff is less than 5 mm. Figure 11 shows the dependence of the signal amplitude and plate thickness. The liftoff was 3 mm. If we consider the conditions for industrial use of the sensor, we need performance which detects the receiving signal having a sufficient signal amplitude in the case of thickness ranging from 0.3 mm to 2 mm. A Lorenz force type EMAT could not detect the receiving signal in any thickness range. A magnetostrictive type EMAT could observe the received signal in any thickness range.
We have decided to use the magnetostrictive type EMAT for the transit time measurement of the SH0-wave.
7. VELOCITY DEPENDENCE FOR PROPAGATION DIRECTION Figure 12 shows how the transit time of the SH0-wave depends on the propagation direction with respect to the rolling direction using calculated results from Eq. (6) and measured results using the magnetostrictive type EMAT. We used the relation between Wlmn and the (111), (110) and (100) crystal planes and adapted the (111), (110) and (100) axis density values in Table 2 to obtain the calculated results. The transit time was increasing as the propagation angle increased from the rolling direction to 45 degrees and was decreasing as the propagation angle increased from 45 degrees to 90 degrees. The rate of the transit time change for 0 degree and 45 degrees was almost 5%. The transit times for 0 degree and 90 degrees were almost the same. The measured results approximately agreed with the calculated results, and the difference wase 
